INSTRUCTION MANUAL 

FOR THE 

MODEL 190-A Q METER 




BOONTON RADIO COMPANY 

ROCKAWAY, NEW JERSEY 
U. S. A. 



Printed in U.S.A. 





CHANGES 



M MAfJUAL 



' 1 1 '( 1 I i ‘ II l.\ 

1 :i!i- !li I -r I 1.1 I 1 ’ 1 I 1 1 • 1 I i 

i ! I ’ I ’■! I I I (Mil !)() 'HHi ;mi 



To :ni:ii'l miiMu.il lo i ii.'vi n i n H -M I >.uih ..ilior loi'nil fit'i 'li ohci'k lor (.Traui Ijclow. and iiiaki.' rlian'ic.-. 

allow 11 m laljUos. 



Instrument Sonal I’lal'i.x Maki,' Manual ( ■haiiio 



2536 


1 
















A Xew or Laaiscd itean. 



E RRATA 



Page 29. Schematic 

Rever.se the polarity ot (’R.'lOO, .'SOI. 



CHANGE 1 

Page 29. Schematic. 

Delete R109, R106, ClOti ;uid R221. 

Change V102 a type .537B tube to a scmieoiuJucior hot carrier diode, designated CRIOI. 

Change V103 a type .a.'ItsB tube to a ty pe (;ti2d/ F,A.b2 luid add capacitor Cll-a, O.SpF from plate to cathode. 

Page 25, 26. Electrical Components parts li.rt. 

Substitute the attached Rclcrence Designator list tor irige.s 2.5, 26. The Reference Designator List gives 
Hewlett-Packard part numbers for elcel ideal parts before and after the instrument changes illustrated by 
the schematic changes aljo\e. An nsiorisk d.esignates [larts deUaed by this change. 
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SECTION I 

1.1 DESCRIPTION. 

The Boonton Radio Corporation Afodcl 190-A Q 
Meter operates in the vhf range, giving direct-reading 
measurement of Q salues. A front-siesc' photograpli oi 
the instrument appears in Figure Ill-l, shosving the 
indicating meter, connection terminals and operating 
controls. Both the capacitance of the measuring circuit 
and the operating frequency arc dial-indicated, making 
possible the calculation of various values of X, R, L, 
and C of a component under test. A summary of the 
characteristics and specifications of the Model 190-A is 
gisen in Section II. 

The indicating meter is parallax-corrected to gisc 
precise readings by means of a blade-t} j5e meter needle 
and a mirror on the meter face. Three scales, in addition 
to the normal Q scale, read XQ, and LO Q. Tlie 
multiplier (XQ) scale extends the range of measurable 
Q values and may be used in conjunction with any of 
the other scales. The aQ scale direct!)' indicates the 
difference in Q between two circuit conditions, eliminat- 
ing calculations, while the expanded LO Q scale permits 
accurate reading of Q values below 100. Any one of these 
three scales is read by pressing the res]K-ctive kt)- .switch, 
located below' the indicating meter. 

Also located under the meter dial arc the Q Zero 
and XQ Zero potentiometer controls, used for electrical 
zeroing of the meter needle, and the SET XQ knob, 
which adjusts the output of the internal oscillator and 
permits the use of an) multiplier value shown on the 
XQ Scale. The FREQ. RANGE switch and the MC 
knob and associated dial, at the left side of the instru- 
ment.d panel, accurate]) control and indicate the fre- 
quency of the oscillator. At the upper right corner of 
the panel are the Q capacitor knoh and MMED dial. 
'This knob drives the v.iriable capacitor used in the Q 
measuring circuit and the dial permits direct-reading 
of its capacitance. 

The aQ balance controls, located in the lower 
right corner of the instrument panel, enable the operator 
to zero the needle of the indicating meter on the aQ 
scale when measuring small differences in Q. The outer 
kru)b. directly driving the dial, is the coarse balancing 
control, while the inner knob gi'cs verniei adjustment. 

A perwer switch is prodded at the extreme lowei 
right and the pilot lamp (lower left) lights when the 
instnmunt circuits art. energi'zed. 

Eoui binding-post terminals near the right front 
corner of tlu cabinet toj> permits external conijrotu'nis 
to be connected to the measuring circuit. Inductor^ 
which c.in be resotiated in the frequenc)' range of thi 
Model 190-A are cotinected directly across the COIL 
terminals for Q measurement. Small capacitors and cer- 
tain other componetits arc connected to the CAP. tet- 
minals, and measure in conjitnction with stable in- 
ductors. The high and low potential COIL terminals 



and the high and ground potential CAP. terminals are 
clearl)' labeled. 

An accessory set of stable reference coils, the Type 
590-.\ inductors, is asailable for use with the BRC 
Model 190-A Q Meter. These specially-constructed coiis 
permit checking instrument oper.ition and are emplosed 
in the Q measurement of com|K)nenis other than in- 
ductors. 

The Model 190-A Q Meter may be used w//j on a 
6(l-c)clc a-c power source. For 50 cjis operation, the 
Model 190-AP Q Meter, available on sjiecial order, must 
be used. This model ina)' be operated on either 50-C)cle 
or dO-cycle power lines, but tUtes not proside internal 
regulation of line voltage. It is recommended that the 
user employ external regulating facilities to avoid the 
incons enience of possible zero shifts and variations in 
the oscillator out]sut caused b)- line irregularities. With- 
out regulation, the accuracy of the instrument is onl)' 
slightly impaired. 

SECTION II 

2.1 SPECIFICATIONS. 

FREQUENCY 

Total Range ....20 tr> 260 me (continuously 
variable) 

Bands Four: 20 to 40 me 

40 to 80 me 
80 to 160 me 
160 to 200 me 

Calibration 



Tolerance .... ± 1 
Q .MEASUREMENTS 

lotal Range ... .5 to 1200 
Q \T)ltmettr 

Scale 50 to 400 (diri.ct-re.iding) 

LO Q Scale 10 to 100 (direct-reading) 

XQ (Multiplier) 

Scale 0.5 to .AO 

Me,i'-nrf'nio''t 



Circuit Q of 400, read directl)- on th<‘ meter, 
is accurate trt Ti79f to 100 me and to = 139? 
to 260 me. 

DIFFERENCE (aQ) MEASUREMl.NTS 

Range 0 to l()t> (direct-reatling; alstj 

used in (onihination with 
XQ nuiltipliei I .ictoi ) 
INFERNAL RF.5( ).N A IT N( > ( APAClTOK 



R.mgc ~.5 ;iy.f to Ui(i ri'f (cHrect- 

re.iding) 

(.alibrations ... .0.1 i-i-f incu incuts 
Control Knob 

Rot'.ition 9'/i useful turns. 

Calibration 

Tolerance . . . .Below 20 f: oT>.2 i rf 
Berween 20 and 50 n.p f: 

;:'-;0.3 /'./T 
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TUBES 



Between 50 and 100 a/if: 
zfzO.5 



Quantity Six 

Tjpes Two 5718 (V-100, V-lOl, os- 

cillator tubes) 



One 53"’ A, selected 9005 (V- 
103, Q voltmeter diode) 
One 537B, selected 9005 (V- 
102, XQ voltmeter diode) 
One 538A, selected 12AT7 
(V-200, Q meter amplifier) 
One OB2 (V-300, voltage reg- 
ulator tube) 

POWER SOURCE — 190-A 



Voltage 95 to 130, internally regulated 

Frec|uency 60 cps only 

Power rtcjuired , .55 watts 
POWER SOURCE — 1 90- AP 

Voltage 95 to 130, internally regulated ' 

Frequenc) 50 cps only 

Power required . . 55 watts 
DIMENSIONS 

Length 13'?4 inches 

Width 10 inches 

Height 10 inches 

WEIGHT 190-A 25 pounds 

I90-AP 25 pounds 



SECTION III 

OPERATING INSTRUCTIONS 

3.1 GENERAL. 

This section describes the recommended operating 
procedures for the use of the Model 190-A Q Meter in 
measuring and calculating the parameters of coils, capa- 
citors and resistors. Q measurements are made either 
by presetting the oscillator frequency and resonating 
the component or circuit under test with the internal Q 
capacitor, or by setting the capacitor to a desired value 
and adjusting the frequency controls to obtain reson- 
ance. All operating controls and the connection ter- 
minals are shown in Figure III-l. 

The readings obtained with the instrument are of 
hidicitled circuit Q, since the resonating capacitor, 
vacuum tube voltmeter, and insertion impedance are 
included in the measuring circuit. For determining Q 
of the component under test in certain cases, these 
readings may require correction. A discussion of scale 
factors, circuit residuals and the resulting corrections 
is included in Section V. 

3.1.1 THE UNITS USED THROUGHOUT THIS 
INSTRUCTION MANUAL ARE AS FOL- 
LOWS: 

f — frequency in cycles per second 

f me = frequenc)' in megacycles per second 



01 2 :rf 

C == capacitance in farads 
L — inductance in henries 
R — resistance in ohms 



3.2 INSTALLATION. 

Make certain that tlae supply voltage of the line 
to which the Model 190— A wall be connected is rated 
.It 60 cps. If operation on 50 cps is necessary, Model 
19O-AP must be used, preferably with external regu- 
l.ition. 

Connect the binding post at the back of the cabinet 
to a good ground, to improve stability. 

Check and, if necessary, adjust the mechanical zero 
on the face of the Q voltmeter. 

When the pow’er switch is turned ON, the pilot 
lamp in the lower left corner of the front panel should 
light. After about one minute, the Q voltmeter needle 
shoubl .show a reading when the XQ key is depressed 
(unless the SET XQ knob is fully counterclockwise). 
Such a reading indicates that the internal oscillator is 
furnishing an output signal. 

3.3 OPERATING HINTS AND CAUTIONS. 

W'hen the Model 190-A is first received and put 
into operation, it is suggested that careful measurements 
be made, using a set of Boonton Radio Corporation 
Type 59O-A inductors, and that the data he recorded 
and filed. At least one measurement should be made 
near each end of each frequency band, with the excep- 
tion of 20 and 260 me. These recommended measure- 
ments provide a set of standard data for each indi- 
vidual Q Meter, which will be available for reference 
and comparison should it ever become necessary to per- 
form calibration or other maintenance work on the 
equipment. 

Since the 190-A Q meter operates in the vhf range, 
all precautions normally observed at these frequencies, 
such as lead dress, etc., should be taken to insure 
accurate measuring results. To reduce lead inductance 
and stray capacitance to a minimum, use heavy, straight 
leads and keep them as short as possible. If it is neces- 
sary to measure an unshielded inductor, however, a 
compromise in lead length is recommended to avoid too 
close proximity of the specimen to the instrument case. 

Reference coils, other than the Type 590-A, used in 
conjunction with measuring other components, should 
always be shielded coils, to eliminate the possibility of 
errors which can result from coupling w'ith components 
under test. 

Note th.it the LO side of the COIL connection ter- 
minals is )iol at ground potential; the test oscillator 
\oltage is injected betweer this terminal and ground. 
Therefore, specimens which are grounded or w'hich 
ha\e large capacitances to ground cannot be measured 
at the COIL terminals. Care should also be taken that 
specimens do not become grounded accidental!)- to the 
instrument case. 
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In connecting specimens to the instrument ter- 
minals, tighten the binding posts securely to minimize 
contact resistance. When two components are connected 
in series between the binding posts, the lloating joint 
should also be made as tight as possible, preferably 
by soldering. 

The placement of components with respect to each 
other and to ground becomes especially important as 
the freqtiency increases. In making comparative measure- 
ments of several specimens, keep the lead lengths equal 
and mount the specimens in the same relative position 
each time. To obtain precise measurements of a compo- 
nent which will later be used in an equipment, it may 
be desirable to mount it in the same position relative 
to ground which it will occupy in the etjiiipment. Slight 
differences in placement may result in considerable 
variations of Q, capacitance, and resistance. 

When making measurements which involve a small 
difference in Q values, it is advantageous to use the 
aQ feature of the instrument to obtain maximum 
accuracy. The relative sensitivity of the aQ and Q scales 
is 4:1, affording greater ease and precision in reading 
small difference values on the aQ scale. 

3.4 METHODS OF CONNECTING COMPONENTS. 

There are three basic methods of connecting exter- 
nal components to the measuring circuit of the Model 
190-A for Q measurement. The method which will be 
employed in a given case depends upon the impedance 
to be measured. 

3.4.1 COILS. 

Most coils are measured by connecting the coil 
directly to the COIL terminals on top of the instrument, 
as shown in Figure III-2(a). The measuring circuit, 
which includes the coil, the internal Q capacitor, and 
the Q vacuum tube voltmeter, is then resonated by 
adjusting either the frequency or the capacitance and 
the indicated circuit Q is read on the panel meter. 




Fig.IH-2a Coil Measurement 



3.4.2 PARALLEL CONNECTION. 

Components which have high impedance, such as 
large value resistors and inductors or small capacitors, 
are measured by connecting them in parallel with the 
measuring circuit. This connection to the CAP. terminals 
is shown in Figure III-2(b). Before the unknown is 
added, however, the measuring circuit must be reso- 
nated, using a Type 590-A inductor or other stable coil, to 



establish reference values of Q and of C, When the com- 
ponent under test is added and the circuit re-resonated, 
the altered saints of Q and C are used, with tlie 
originals, to calculate the parameters of the unknown. 
In most cases parallel connection is the preferred 
method. 



H I 




Fig.]]I-2b Panllel Conneclion 
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3.4.3 SERIES CONNECTION. 

Low-impedance components to be measured are 
connected in series with the measuring circuit. This is 
accomplished by connecting the unknown between the 
1.0 terminal and one end of the Type 590-A reference 
coil, as shown in Figure III-2(c). The other end of the 
reference coil is connected to the HI side of the coil 
terminals. A heavy strap, as illustrated, is usually em- 
ployed to short the unknown while the measuring cir- 
cuit is resonated to establish a reference condition. The 
shorting strap is then removed or opened and the circuit 
re-resonated. This permits the unknown to be physically 
connected even though electrically out of the circuit and 
eliminates possible errors by maintaining the relative 
positions of the reference coil and the unknown. 

HI 

-o- 



COIL 



■o 

LO 

Fig, HI-2c Series Conneclion 








3.5 OPERATING AND MEASURING PROCEDURES. 

3.5.1 WARM-UP AND INITIAL SETTING. 

The locations of the various controls are shown in 
Figure III-l. The procedure is as follows: 

3. 5. 1.1 Check and, if necessary, adjust the me- 
chanical meter zero. 

3.5. 1.2 Turn the power switch ON. 

3. 5. 1.3 Allow the instrument a few minutes to 
warm up. For precise measurements, the warm-up period 
should be at least 30 minutes. 

3. 5. 1.4 Connect a coil to the COIL terminals on 
the top of the instrument to provide a d-c path for the 
Q voltmeter. 
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3. 5. 1.5 Turn the SET XQ control to zero (full) 
counterclockwise). 

3.5. Using the Q zero potentionictcr, zero the 
meter needle. Depressing the LO Q key increases the 
meter sensitixitv and permits the zeio to he set more 
acctirateh'. Alternate-1)- pressing and releasing, or "ptimp- 
ing ", the LO Q kc_\ permits the accurac) of the zero 
setting to be checked. The setting is correct if the 
nc.edle remains stationary. 

3. 5. 1.7 Depress the XQ key and zero the meter 
needle with the XQ zero potentiometer. The LO Q ke)’ 
may again he ojicrated while the XQ key is depressed, 
to pertiiit greater accuracy in setting the zero. 

The instrument is now ready for use. 

3.5.2 COIL MEASUREMENTS. 

Most coils are measured by the procedure given 
below and the values of Q, C and f (frecjutnc)) arc- 
read directly from the indicating meter and dials of 
the instrument. VTith these values, the series inductance 
and series resistance of the coil may be calculated. 

3.5.2. 1 Connect the coil to be measured to the 
COIL terminals on the top of the instrument (after the 
"Warm-up and Initial Setting" has been completed). 
This method of connection is illustrated in Figure 
III-2(a). 

3. 5.2. 2 Set the FREQ. RANGE switch to the 
proper range and the frequency control (MC knob and 
dial) to the frequency desired. Turn the SET XQ knob 
about one-quarter turn clockwi.st to apply oscillator 
\oltage. 

3. 5. 2. 3 Resonate the coil by adjusting the Q 
capacitor control (MMFD knob and dial) to obtain 
maximum meter deflection. As an alternati\e, the Q 
capacitor may be set to a desired value and the measur- 
ing circuit resonated by varying the oscillator frequenc) . 

3. 5. 2. 4 Depress the XQ ke) and turn the SET 
XQ control until the meter needle reads the desired 
multiplying factor, on the XQ scale. (The unity factor 
is calibrated with the highest accurac)- and is recom- 
mended for use, whenever possible.) 

3. 5. 2. 5 Recheck the tuning for resonance. 

3. 5. 2. 6 Read the indicated Q on the Q (top) 
scale of the meter. 

3. 5. 2. 7 If XQ was set to any value other th.ui 
unity, niultijih the indicated Q readitig b\ the tippru- 
pii.itt XQ (actor. This gi'Cs the Q of the tuned nuasur 
iiig cirtuit and iti mo.st casecs this \tilut is essenti.ill)- 
equal to tlu eflettite Q of tin. unknown toil. Tin 
\aliu of t, ma\ be read from the MMIT) di.il ,ttid the 
v.iluc ol 1 Irotn the frct|ueiu\ dials. If the indnated 
Q Is U's.s than 100, the Lt1 Q scale tna\ be used to obtain 
a more act urate re.itling, b\ depressing the LO Q key. 
T his reading also must be multiplied by XQ. 

To calculate the set it s inthict.ince .nul scues resist 
antt ot the coil being nica.stucd, the saints of Q, f. 



,ind f obtained are substituted in the following for- 
mulas : 

Effectise Series Inductance 




Effective Scries Resistance 



If precision measurctnents are required, refer to 
SectitJi) V for a discussion tjf corrections which ma)- be 
applied. If an inductance is found to he too large to be 
measured by the method described abo\e, jrarallel meas- 
urement (below ) may be emjiloyetl. l or \ ery small 
inductances, the series method (below) will make 
measurement possible. If desired, equivalent , parallel 
components may be calculated using the formulas of 
Table IlI-l-^B. 

3.5. 2.8 PARALLEL MEASUREMENT. 

The parameters of high impedance unknowns are 
calculated by measuring the effects on Q and C of the 
resonant measuring circuit when the unknowns are 
added in parallel with the circuit. The parallel method of 
connection is shown in Figure Ill-2(b). Large values of 
resistance and inductance and small values of capacitance 
are measured in this manner. To resonate the measur- 
ing circuit, a Type 590-A inductor or other stable refer- 
ence coil must be connected to the COIL terminals and the 
internal resonating capacitor and oscillator frequency 
adjusted as desired to produce resonance. When this 
initial condition is obtained, the indicated Q and the 
reading of the MMFD dial are recorded as Qi and Cj, 
respectively. After the instrument is re-resonated with 
the unknown impedance in parallel with the measuring 
circuit, the altered values of these readings are recorded 
as Q. and Ck. The frequency, f, does not change. 

The values obtained with this procedure may then 
be applied in the formulas given in Column 1 of Table 
IlI-l-A to calculate the effectise parameters of the un- 
known. Equisalent series parameters may be calculated 
bv use of the equations in Table IIl-l-B. 

It is consenient in many parallel measurements to 
use the AQ feature of the 190-A, which )ields the quan- 
tity (Q,“ Q;;) as a direct reading on the 3iQ scale. The 
JtQI scale gi'es a more accurate result in cases where Q^ 
is nearly etjual to Q . The procedure is described in the 
paragraph, "AQ Xleasurcmenl", below. 

3. 5. 2. 9 SERIES MEASl.'REM EN T. 

Low inqied.inces— .sm.ill saint.- of iuduct.uice and 
re'isi.iiue .'lid Luge values of t .ip.it iiaiiee .are intasured 
b\ ihcii cflcets on flu- measuring circuit when added 
in series with it. Tlii connection is illustiated in Figure 
IlU2(e) and a heavv shorting stt.i]' is usually 'used in 
eonjuru tion with the unknown inijrcdance, as described 
under "Metliods of Comiet ting (..cinponerits" (Set page 
(>). 1 he mcasining piocedurt is the same as tliat used 
/or parallel nieasureineni , 'I he measuring eiieuit is ini- 
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TABLE 1 1 1-1 -A 

FORMULAS FOR CALCULATING IMPEDANCE PARAMETERS 
FROM PARALLEL AND SERIES MEASUREMENTS 



Column 1 

Parameters from Parallel Measurements 
Effective Q of Unknown 

o - Q.Q=„(s-^:ii 
aQQ 

Effccthe Parallel Resistance of Unknown 
R ~ 

’ “ aQ 

Effective Parallel Reactance of Unknown 



” o(C,-Cj) ^ 

Effective Parallel Inductance of Unknown 

^ 

Effective Parallel Capacitance of Unknown 

Cp - C>-C, (8) 

Note 1: The sign of the quantity (C. — C,) indicates 
the type of effective reactance. A positive quantity re- 
sults from an inductive reactance and a negative from a 
c.ipacitis'e reactance. 

Note 2: The sign of the quantity (C, — C.) should be 
disregarded in Equation 4 above. 



Column 2 

Parameters from Series Measurements 
Effective Q of Unknown 
Q.Qd(Q-C) 

^ QQ,_C,Q, 

Effective Series Resistance of Unknown 

"•"Tetqtq: <'"> 

liffectise Series Reactance of l.'nknown 
Effective Series Inductance of Unknown 

K -- (12) 

fo' v>2 

Effective Series Capacitance of Unknown 

Note 1; The sign of the quantity (C, — C,) indicates 
the type of effective reactance. A positive C|uantity re- 
sults from a capacitance reactance and a negative from 
an inductis'e reactance. 

Note 2: The sign of the quantity (Cj— C^) should be 
disregarded in Equation 9 above. 



TABLE IIM-B 

FORMULAS RELATING EQUIVALENT SERIES AND PARALLEL COMPONENTS 



General 

Formulas 





C, 




- = Rp„C, 



Formulas for 


Formulas for 




Formulas for 


Formulas for 


Q greater 


Q less 


General 


Q greater 


Q less 


than 10 


than 0.1 


Formulas 


than 10 


than 0.1 


II 


Rs = Rp 


Rp = R.(fJ-Q^) 


Rp = RsQ= 


Rp = Rs 


X, = Xp 


X, = XpQ= 


Xp - X, 


Xp = X, 




L. = Lp 


L. - LpQ= 


L - L ' 

Ap As Q, 


Lp = Ls 




n 

II 


r' — 


c. — c ^ 


Cp = c. 


Cp = CQ= 
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tiall) resonated with a reference coil anti strapped un- 
knossn connected to the COIL terminals and Q, and C, 
are recorded. After the shorting strap is opened, insert- 
ing the unknown impedance in series, the circuit is re- 
resonated to obtain the values of Q.^ and C,,. 

These \alues, with f, may then be substituted in the 
formulas given in Column 2 of Table IIl-l-A to deter- 
mine the effectise series parameters of the impedance 
under measurement. The equivalent parallel parameters 
may also be determined by u.se of the formulas in Table 
IlI-l-B. 

A d-c path must always be provided across the 
COIL terminals. If the unknown impedance will not 
pass d-c, the unknown should be shunted by a suitable 
choke. If the choke has a reasonably high Q and is used 
near its self-resonant frequency, it will present a high 
impedance and will have negligible effect on the mea- 
surements. Such a choke is conveniently made by cutting 
a piece of #38 w'ire to a length of 0.3A at the desired 
frequency of measurement. The wire may be w’ound on 
a polystyrene form 1/, inch in diameter and the ends 
connected across the unknown. 

The aQ scale may be used for accuracy in reading 
small differences in Q. Refer to "AQ Measurement” in 
this section for the procedure. 

3.5.2.10 LO Q MEASUREMENT. 

The LO Q function of the I9O-A provides a more 
sensitive meter range for accurate measurement of Q 
values which arc less than 100 on the regular Q scale of 
the indicating meter. The relative sensitivit) of the 
Q and LO Q scales is 1:4. 

The LO Q scale is read by simply depressing tbe 
LO Q key. Multiply the LO Q reading by the appro- 
priate XQ factor, to obtain indicated Q. 

3.5.2.11 AQ measurement. 

The aQ feature of the instrument permits direct 
meter indication of small differences in Q values before 
and after an unknow'n impedance is added to the mea- 
suring circuit in series or in parallel. 

After a reference coil is connected and initial reso- 
nance of the measuring circuit is obtained, the coarse AQ 
BALANCE control is set to the approximate reading 
indicated on the Q scale of the meter. With the aQ 
key depressed, the meter needle is set to zero on the AQ 
scale, using both the coarse and fine aQ BALANCE 
contrtils, as necessary. This procedure balances the in- 
strument for use as a differential voltmeter. 

The unknown impedance is connected in series or 
parallel with the measuring circuit and the circuit is 
re-resonated, after which the aQ ke\ is oper.ited and 
the Q difference is read directly on the aQ scale. A 
more accurate resonance is obtained by resonating with 
the aQ key depressed. If the XQ factor is other than 
unity, it must be ajqrlied to the aQ reading. 

3.5.3 MliASUREMEN'r OE CAPACITOR.S. 

The method used to obiain the C, Q and other jrar.i- 
meiers of a capacitor depends, upon the impedance of 



the component. In both series and parallel metliods, ii 
is important to employ short leads to minimize lead 
capacitance and inductance, especialh when measuring 
cap.icitors at high frequencies. Further information on 
measurement of capacitors is gisen in the Boonton Radio 
Corjsoration's ’ Manual of Radio Erequenc) Aleasure- 
ments". 

3.5.3.1 SMALL CAPACITORS. 

Small capacitors, with values of less than about 
90 mmf, are connected and measured by the parallel 
method. It is necessary to select a Type 590-A inductor 
which will resonate at the desired frcquenc) with the 
total capacitance of the unknown and the Q capacitor. 
The internal resonating capacitor itself should be set 
near maximum (100 mmf) before the measuring circuit 
is initially resonated. 

The parameters of the capacitor being measured 
may be calculated by using the formulas given in Col- 
umn 1 of Table III-l-A. 

3.5. 3.2 LARGE CAPACITORS. 

A series connection to the measuring circuit is 
used to measure larger capacitors. The capacitor must 
be shunted by a suitable choke, as described under 
"Series Measurement” (see page 7), to provide a d-c 
path across the COIL terminals. The capacitor under 
measurement should be in place but shorted out with 
a heavy copper strap or jumper and the internal Q 
capacitor should be pre-set near its minimum value 
during the initial resonance. 

In some high-frequency cases the effective react- 
ance of the unknown capacitor may be inductive; in 
these instances, C, will be greater than O. 

The effectise parameters of the unknown may be 
calculated by using the formulas in Column 2 of Table 
III-l-A. 

3. 5.-4 MEASUREMENT OF RESISTORS. 

Resistors may be measured in series with the Q 
circuit as indicated in Figure III-2(c) or in parallel as 
indicated in Figure III-2(b). The resistance values which 
may be measured bs each of these methods is indicated 
in Figure III-3. Resist, mccs which fall within the space 
between the two cross hatched areas m.n be measured 
by connecting them in series with a sm.dl capacitor and 
measuring the combination by the parallel method. 

5.5.4. 1 SMALL RESISTORS. 

Resistors wlu)sc \alues fall wilhin the block 
marked "Series' in Figure I1I-3 are lue.isured bv the 
scries method. The effectise series resistance is c.dculated 
bv appUing the restdfing readings in the prriper formula 
in Table 111-1. 

The sign of the cffectice reactance is indicated bv 
a conqs.uison of (L and C... If C, is gre.mr th.in C , tire 
cffectise re.ictaircc is iirductive and rhe effectise scries 
inductance is obtained from tire [rrrii'H r formul.i in 
Table IIl-L 
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3.5. i,2 LARGE RESISTORS. 

Resistors whose vrilucs fall within the range of 
the block marked "Parallel” (Figure 111-3) are con- 
nected to the CAP terminals of the instrument and 
measured Isv the parallel method. 'Hie eflettive par.dlcl 
resi.stance is gir en by formula (5) in Table III-l-A. 



If the effective reactance is capacitive (C, greater 
than C,), the effective parallel capacitance is given by 
formula (8) in T able III T A. 

SECTION IV 

4. PRINCIPLES OF OPERATION. 

4.1 GENERAL. 

T he I3RC Model ITO-A (T Meter dic'iiles function- 
alh into ihiee major sections: an r-f section, :i measur- 
ing section and a power supply. 

Eigure lV-1 shows in simplified form the basic 
principle upon which the instrument operates. The 
diagram shows that what is actualK measured is the 
ratio between the volt.igc der cloped across the capacitive 
jiortion (C) of the resonant test circuit and tlie \oltage 
iniected into the circuit (across L-106). 

X Vc 

Q 'V — ^ where e is the voltage injected 

R e 

into the test circuit and Vc is the \oltage meas- 
ured across the capacitor at resonance, c is maintained 
at 0.01 \olt; iberelore, 100 Vc will be ecpial to the 
circuit Q and the meter can be calibrated to read Q 
directly. This has been done in the lOO—A. In the 
equation .tbove, X is the reactance of cillier the capacitor 
or the intluctor, the vahies being equal at resonance; 
R is the sum of the resistances of the unknow'n and of 
the internal circuit, and the resultant Q reading is that 




[[■T R TOIAL CIRCUIT RESI5IANCE AT RESONANCE I 
THE VOITAGE ACROSS L or C | V, | IX, . IX, 




FIO. H-1 BASIC OPERATING PRINCIPLE 
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of the circuit, rather than of the unknown component 
alone. In most cases the Q of the unknown and the Q 
of the circuit differ by a negligible amount. 

4.2 R-F SECTION. 

The signal applied across the resonant test circuit 
is furnished by a modified push-pull Colpitts oscillator, 
shown in the full schematic of the 190-A, Figure I\'-2. 
The tw'o oscillator tubes, V-100 and V-lOl, are type 
5718 subminiatures which are built into the oscillator 
turret housing to maintain short leads. The oscillator 
frequency is tuned by dual variable capacitor C-104, 
adjusted by means of the MC knob in the upper left 
corner of the front panel. Capacitor C-103 is used to 
recalibrate the frequency dial when the oscillator tubes 
are replaced (see Section VI, page 18). 

The tank coils, HOO through L-103 are contained 
in a turret operated by the FREQ. RANGE knob in the 
lower left corner of the front panel. This turret is 
provided with a detent cam and a microswitch, S-101, 
which cuts off the oscillator plate supply soltage to 
protect the oscillator tubes w'hile switching bands. 

The oscillator output is coupled by loop L-104 to a 
specially-designed transmission line (Figure lV-2). The 
transmission line (L — 105) and injection inductance 
(1^106) form an inductive attenuator with an attenua- 
tion ratio of 100:1. The voltage at the input of the trans- 
mission line is monitored by the XQ voltmeter, which 
utilizes a type 9005 diode, \'-102. A special sliding 
adjustment is incorporated in the transmission line for 
accurate setting of the attenuation ratio at the factory. 
Do not attempt to change this adjustment. 

The oscillator plate voltage is adjusted and con- 
trolled by the SET XQ potentiometer, R--223, so that 
the signal voltage at L-104 is maintained at a constant 
salue, normally 1 volt. When the voltage at L-104 is 
1 volt, the voltage across 1^106 is 0.01 volt. This 
voltage is injected in series with the lesonant circuit 
containing the unknown to be measured. 

The external terminals provide for connection of the 
specimens to be measured. The internal precision reso- 
nating "Q capacitor”, C-108, is connected across the 
CAP terminals. Q voltmeter diode V-103 (t}’pe 9005) 
is connected directly across the Q capacitor and the 
rectified signal voltage is passed to the measuring section 
of the instrument. 

The internal variable (resonating) "Q capacitor”, 
C-108, which is the hean of the measuring circuit, is of 
special construction to keep its residual inductance and 
resistance at a minimum, while retaining mechanical 
strength and calibration accurac). The rotor plates .ire 
connected in parallel to ground bv spring contact fingers. 
The stator is of one-piece construction, milled from 
hexagonal bar stock, so that the plates arc connected 
along their entire outside jierimeter. This design permits 
a reductioir of the series inductance between the high 
potential and ground terminals to approximately 
0.0024 ;,,h. 



Dielectric losses are reduced by mounting the stator 
by means of two rods soldered to it and to metallized 
end-slots in the U-shaped low-loss steatite support. The 
stator plates extend only about 160- to allosv the 
capacitor to track linearly down to the unusually low 
value of 10 /y>T. 

To reduce further the internal inductance of the 
instrument, the Hi terminals are mounted dircetb to the 
top of the capacitor stator, are of relati'cly large 
diameter, and are kept as short as possible. 

4.3 MEASURING SECTION. 

The measuring section is comprised of the diode 
VT\'M circuits, including the dual d-c meter amplifier, 
the meter itself, and the associated switching, calibrat- 
ing and adjustment circuits. 

Since the Q \oltmeter is connected directly across 
the resonant circuit, it is important that it have a high 
impedance. A diode-type voltmeter is used in preference 
to a triode circuit since the diode has a higher input 
impedance at high frequencies. The diode cannot furnish 
sufficient power to operate the meter without undul) 
loading the resonant circuit; therefore, a d-c amjslifier 
is used to provide the necessary power. The d-c ainplifier 
also serves as a simple and efficient means of isolating 
the bucking and balancing voltages required and supply- 
ing a low-impedance input souice for the meter. 

Tlie d-c amplifier, V-200, is a type 12 AT? tw'in 
triode, connected for cathode-follower output to the 
meter and its appropriate multipliers and calibrating 
potentiometers. Potentiometer R-208 is connected in 
the cathode return circuit — between the cathodes of the 
two triode sections — and is used to balance the no-signal 
output of the tube when a new tube is installed (^e 
section ^'l, page 18). 

The switching, calibrating and zeroing circuits 
which interrelate the various functions of the instrument, 
as well as the multiphing resistances, may be seen by 
reference to the schematic. Figure I\'-2, 

4.3.1 XQ CIRCUIT. 

When the XQ sw'itch is operated the grid of one 
section of the d-c amplifier tube V-200 is connected 
to the cathode of the XQ voltmeter diode V-102. The 
amplifier output is applied to the meter through the 
XQ calibrating jrotentiometer, R-216, and an additional 
multiplier resistor. The other side of the meter is con- 
nected to the cathode of the other triode section of the 
d-c amplifier, which provides a stabilizing action. The 
grid of the seetjod triode is fed bv a bucking voltage 
derived from the - 105v d-c regiil.ired supplv through 
the XQ zero adjustment potentiometei , R-200. This pot 
is adjusted bv the front-panel knob designated "X”. 

The XQ scale on the meter is calibrated to read '1' 
when the oscillator output is 1 volt, measured at the 
input to the transmission line. At 2 suits, the XQ scale 
reads ”0.5''; at 0.5 volt, it reads ”2 ', etc., thus indicat- 
ing the multiphing factor to be used with the Q volt- 
meter scale reading. 
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4.^.2 Q VOLTMETER aRCUTT. 

The Q voltuK-ter ciiH uit'(;btains its voltage ftoin die 
tadioile 10 diode V IOV tv’pe '.)005, the plate ot whieh 
i> I'onnu'teil to tlie HI side Ot the re'sonant measuring 
eircuit ut the 190-A. 

In other respects, the ojicration of this eircuit is 
much the same as that of the XQ circuit descrihed above. 
R--2I5 is the calibrating potentiometer and R -219 the 
multi|ilier resistor. R-202 is the front-panel zeroing 
.idjiistment contiol, "Q". 

■1.3.3 1.0 Q VOl.TMETI R CIRCLTT. 

t he LO Q voltmeter circuit operates in e.xact))' the 
same m. inner is the Q voltmeter circuit, except tliat its 
sensttiv it) is four times as great, giving accurate Q 
readings down to a. The LO Q circuit uses R-213 and 
R-217 as the calibr.iting potentiometer and multiplier 
resistor, respect ivelv. The front- panel Q zero adjustment, 
R-202, also zeros the LO Q circuit. 

4.3.4 _\Q VOLTMETER CIRCUIT. 

The circuit is electrically similar to those alreadv 
described, except that zero on the aQ scale is at the 
full-scale position of the meter needle. This is necessary 
because adding a component to a circuit low'crs the 
circuit Q. 

Both coarse and fine aQ balancing adjustments 
are prov ided, R-204 and R -20‘s, respectively. The buck- 
ing ^'oltage obtained from these controls is applied not 
only to the grid of one of the 12AT7 triode sections, 
but to the midpoint of the two cathodes as well, per- 
mitting more linear ojseration as a differential voltmeter. 
Once the operating level is set, by adjusting the aQ 
balancing controls, any reduction in the voltage from 
the signal diode, Vl03, causes an unbalance which is 
indicated as a lower meter reading. R-214 is the 
calibrating potentiometer for this circuit function and 
R-218 the meter multiplier resistor. 

4.4 POWER SUPPLY. 

In the iModel 190-A Q Meter, power is fed into 
VR-300, a saturable reactor, which holds the voltage 
within narrow limits under widely-fluctuating voltage 
conditions on the external 60 cps supply line. Trans- 
former T-300 feeds the tube filaments, providing a 
separate winding for the 9005 diodes. 

Resistor R-300 limits current to the selenium 
rectifiers, CR-300 and CR-301, in the voltage doubler, 
which employs cap.icitor-input (pi-section) filtering. 
The voltage reference tube, V-300, a type 0B2, main- 
tains a constant d-c voltage for the measuring circuit 
potentiometers and the d-c meter amplifier. A d-c 
voltage is tapped off directly at the filter output to 
supply the SET XQ control, w'hich feeds the oscillator 
plates. 

The Model 190-AP Q Meter, which must be used 
for 50 cps operation, employs the same power supph 
circuit, except that a 1;1 transformer is provided in 
place of tile saturable reactor, VR-300. Therefore, 
external voltage regulation ahead of the power supply 
is recommended. 



SECTION V 

5. HIGH FREQUENCY ERRORS AND 
CORRECTIONS. 

5.1 GENERAL. 

Although fverv effort has been made to reduce 
sources of error in the Q Meter Type 190-A to a 
minimum it is impossible to elimin.ite them completelv'. 

In the majority of Q Meter measurements high 
.iccur.Kv- is not required and the correction of errors 
is not neccssarv, however, it is desirable to stud)' the 
sources of error in order to avoid them where ever 
possible and to iridic.ite how approxiiu.itc corrections 
can be made when desired. 

The following are the major sources of error: 

1. Improper placement of the component being 
measured. 

2. 3’oltmeter errors at high frequency. 

3. Errors due to residual impedances internal to 
the Q Meter. 

5.2 PLACEMENT OF COMPONENTS. 

The location of the component being measured with 
respect to surrounding objects is always important, par- 
ticularly at high frequencies. However, the component 
will eventually be mounted in a circuit in close proximity 
to a chassis so that it may be desirable to place it on 
the Q Meter in a similar position with respect to the 
top of the instrument. A few examples will illustrate the 
importance of component placement. 

5.2.1 A 121,000 ohm type MPM resistor with 1" 
leads was mounted horizontally with leads placed 
vertical to HI and GND binding posts. It measured 
113,000 ohms at 30 me by the parallel method. 

When the resistor w'as bent down so that it was 
spaced l/g” from the top of the instrument, it measured 
96,500 ohms. Finally the resistor was encased in a brass 
shield *4" in inner diameter and 1" long with the 
shield connected to the grounded terminal of the 
resistor. It now measured 61.700 ohms and the position 
of the shielded resistor had negligible effect. This 
illustrates the effect of variations in the distributed 
capacitance of the resistor to ground. 

5.2.2. The effect of coupling between an unshielded 
working coil and a component being measured by the 
parallel method was checked as foUow's: 

The inductor was .a 1" diameter loop connected to 
the COIL terminals of the Q Meter. A resistor with 1" 
leads was formed into a loop 1" in diameter and was 
mounted on the HI and GhTO CAP binding posts 1" 
distant from and parallel to the unshielded inductor. 
The resistor measured 39,700 ohms at 85 me. The coil 
connections were then interchanged to reverse the 
v'oltage induced in the resistor loop. The resistor now 
measured 35,200 ohms, a difference of about 12/c. 
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Obviousl)' shielded inductors should be used or 
the component should be placed so as to minimize the 
coupling between it and the inductor. 



5.2.3 The importance of lead length can be illus- 
trated by noting that the lead inductance of a capacitor 
w'ill make the effective value of the capacitance at high 
frequencies (Ce) greater than the low frequency value 
(C) in accordance with the formula 




(5-1) 



where L — the inductance of the leads of the capacitor. 



The following measurements were made on a 
tubular ceramic capacitor long. 



F 


Lead Length 


c. 


L 


150 me 


1 " 


14.9 fifif 


.044/ih 


150 


V2" 


11.8 


.024 


150 


•A" 


10.9 


.016 


20 _ 


V4" 


9.4 





These examples illustrate that the operator must 
exercise considerable care in the placement of compo- 
nents on the instrument if the most useful and con- 
sistent measurements are to be obtained. 



5.3 VOLTMETER ERRORS AT HIGH FREQUENCY. 

The Q and XQ voltmeters suffer from the usual 
type of high frequency errors. Due to approaching 
resonance of the inductance of the voltmeter leads with 



the diode plate to cathode capacitance, the soltage 
across the diode elements is stepped up so that the 
indicated voltages will be higher than the true values. 
The resonant frequency of each voltmeter circuit is 
about 850 megacycles so that both meters will indicate 
about high at 250 me from this cause, howeser, 
since only the ratio of the readings is insolved the 
error cancels and no correction is necessary. 

A more annoying error is that due to electron 
transit time in the voltmeter diodes. Since this error is 
a function of voltage level as well as frequency, it does 
not cancel completely except when the circuit Q is 100 
under which condition the same voltage appears across 
both diodes. 



The error can be calculated and corrections are 
shown in Figure V— 1. 

The corrected circuit Q is found from the equation 

, (Factor for Q Voltmeter) 

Q corrected = ^ T 

(Factor for XQ Voltmeter) 

X (Q indicated) (5-2) 

For example, at a frequency of 200 me and a XQ 
reading of 1, the "Factor for XQ Voltmeter" is l.Oy 
and if the Q reading is 200, the "Factor for Q Volt- 
meter’’ is 1.065 and the corrected Q is: 

Q corrected — — X 200 = 195.5 
^ 1.09 

a correction of — 2.25%. 



X 200 = 195.5 




MEGACYCLES 



FIG.T-1 CORRECTION FOR VOLTMETER TRANSIT TIME ERROR 
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5.4 ERRORS DUE TO RESIDUAL IMPEDANCES 
INTERNAL TO THE Q METER. 

It is ijbvioiisly impossible to completely eliminate 
inductance and resistance in the Q measuring circuit. 
I'liese "residual impedances’’ will cause errors which in 
general increase with frequency and for which it is 
sometimes desirable to make approximate corrections. 

5.4.1. CIRCUIT INCLUDING RESIDUALS. 

Figure V-2 shows the Q measuring circuit ssith the 
residual impedances included. These residuals are quite 
small and difficult to measure, furthermore, they differ 
between indisidual Q Meters. The values given below 
are representative and will enable appro.ximate correc. 
tions to be made. 



HI A HI 

L 

R 



FIG.X-2 CIRCUIT INCLUDING RESIDUALS 

5.4.2 Appro.ximate Values of Residuals: (Figure V-2) 

Lc ~ 0.0014 ,ih = inductance of Q capacitor con- 
tact fingers. 

Rc ;:r 0.0004 \/F„ , resistance in ohms of Lc. 
Fc.c = frequency expressed in megacycles. 

Li ~ 0.0012 (h = inductance of coil LO and 
HI binding posts and coupling impedance 
across which injection voltage appears. 

Ri ~ 0.0008\/'F„ = resistance in ohms of Li. 

Lp ~ 0.001 /<h — inductance of CAP HI and 
GND binding posts. 

Rr 0.0003V = resistance of L„. 

Go ~ 0.0167 F,„, ,,mho = conductance of steatite 
Q condenser stator support. 

Gv ~ 0.0167 F, c /imho = conductance of Q volt- 
meter. 

The conductance Gv is greater than the value given 
by this equation at low and high frequency. More accu- 
rate salues are given in Figure V-3. 

5.4.3 Effect of Equivalent Series Residuals. 

To find the equisalent series residuals, the circuit 
of Figure V-2 can be reduced to the circuit of Figure 
V-f. 

To find the s alue of the external inductance, L, the 
internal inductances Lc and Li must be subtracted from 
the total inductance Ls found from Equation 5-3 in- 




Hl HI 




1 _£l_ 

(5-4a)7Tll R - [r, - R, -r f. Cl" 



I 

15-3) L. ,.. C =: L -r it, -r- U 

FIG. 1-4 EQUIV&miT SERIES CIRCUIT 



eluded in Figure V-4. Since (Li -f Lc) is only 0.0026 
/,h this correction is generally negligible. 

To find the series resistance of the unknown, R, the 
internal resistance must be subtracted from the total 
circuit resistance found from Equation (5—4) included 
in Figure V-4. 

The term ^ — + Gy^ in Equation 5-4, due 

(o>U) V. / 

to internal .shunt losses, varies with the capacitance setting 
of the Q-condenser, C. When C is large, this term is 
small compared with Ri |- Rc. When C is small, this 
term is large compared with Ri f Rc. 

a is defined by Equation (5-5) which appears 
together with graphical values of « on Figure V-5. It 
represents the magnification of the effective value of C 
due to the inductance Lc. Since a is significantly greater 
than 1, only when C is large and the whole term 

. is then negligible, it is generally 

(inU) ■ \ ' 



sufficiently accurate to use the approximate expression 

G-p 

. _ (Equation 5-4a). An exception to this is when 
(«'U)- 

low impedances are measured by inserting them in 
series with the working coil L, R, in which case it may 
be necessary to use the exact form (Equation 5-4). 

5.4.3. 1 Example of Method of Correcting for Series 
Residuals. 



The following is an example of the method of 
correcting the readings obtained on a small inductor 
in order to find the most accurate values of effective 
L and Q. 

O Aleter Readings Calculate 

F ~ C Q XQ CO l/.oC 

150 me 30 /i/cf 250 1 9.42 X 10^ 35.3 0 

Transit time correction (Equation 5-2, Figure V-1). 

(Circuit Q — 250 — 244 

' ^ 1.085 
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20 30 40 50 60 70 80 90 100 150 200 250 300 



f in m. c, 

Fig.X-3 Internal Conductances 
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Ls 



Total inductance (liquation 5-3, Figure V-4). 

^ ^ ^ ' 35.3 = 0.0375 ,..h 



,',C 9.42 10 

L Ls — (Li - 1 - Lc) 0.0375-0.0028 == 0.0347 uh 

( 5 ^ 3 ) 

A correction of — 8''r. 

Tot.il series resistance (Ltjuation 5— la). 

Rs - ' - . ^ ^0.145 0 

, )C Q 244 

Ri + Rc ^ (0.0008 0.0004) \/ 150 0.0117 

Cj'P 



(35.3)-' X 5 X 10 '■ 0.0062 



(\VG)^ 

(Gt from Figure 5-3) 

Adding, the internal series resistance = 0.0209 O 
R = 0.145 — 0.021 -- .124 ohm 
A correction of — 14.5%. 

„L 



The effective Q ^ 



Til is 



R 

9.4" 10'* X 0.0347 X 10 '■ 

b“.“i24 
-3 

e indicated Q by + 5%;. 



5.4.4 Effect of Residuals on Parallel Measurements. 

For the purpose of an analysis of parallel measure- 
ments, it is convenient to convert the series elements 
between points A-B of Figure V-2 into et]uivalent 
parallel elements and to use Thevenin’s theorem to con- 
vert the circuit to the left of points A-B to an equivalent 
constant current source. The result is shown in Figure 
V-6, where L' and G' re[)resent the equivalent con- 
ductance and parallel inductance of R -- Ri and L + Li 
respectively. The constant current I is given by: 

r ^ t: ^ 

(R"%Ri)T7^ (Lt-LT) ~ ,.(L%-TT) ~ 

(5-6) 

The appro.vimation is accurate to better than 1% 
if the Q of the working inductor is greater than 10. 

From the equivalent circuit of Figure V-6, it is 
easily shown that, for a capacitive unknown, its equiva- 
lent parallel capacitance is given by: 

Cp = — C.an (5-7) 

Where the subscripts 2 and 1 refer to the values with 
the unknown connected and disconnected respectively. 
If C^. is greater than C,, the unknown is inductive and; 
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The conductance of the unknown is given by : 



150 me 



Q Meter Reading 

C, Q, C 

23.25 307 13.1 



G, - j (Q«;- c„;) 

+ Gy(ai — al) (5-9) 

The first term on the right is equivalent to Equation 
(5 Table III-lA) except for the a’s which are due to 
the "tapping down’’ of the unknown on the circuit be- 
cause of the inductance of the contacting fingers Lc. 

'The term in brackets is due to the change in the 
losses in Rc and Gy due to variations in C. This term 
disappears if the unknown is a pure resistance and 
Cl = Co. It is negative for an inductive unknown. 

The HI and GND binding post residuals are 
charged to the unknown and it may be necessary to 
correct for them. 'The inductance, Lp, will generally 
be small compared with the lead inductance of the 
unknown and correction for it is seldom necessary. If 
the unknown has a very high Q, correction should be 
made for Rp as illustrated in the following example. 

5.4.4. 1 EXAMPLE OF PARALLEL 
MEASUREMENT. 

"The method of correcting the measurements of a 
small capacitor is given below: 



From Figure \"-5; Calculate: 

tto a) CjOfi L-.C; 

1.03 1.025 9.42X10' 23.95 13.43 

Transit Time Correction: 

Corrected 307 — 297 

1 .Uo5 

Corrected Q„ 259 — 253 

1.085 

Equation 5 — 7: Cp 23.95 — 13.43 = 10.52 ,j.,J 

This differs by -f 3.5% from the uncorrected value 
Cl— C2 = 10.15 

G, correction terms from equation 5-9: 

Gv(a'i — a') = 2.5 X 10-'' (1.03- — 1.025 = ) 

= 0.025 X 10-'' 

Rp<X(Cia, — C^^) = 0.0004 VT^ 

X (9.42 X10")=(23.95=- 13.43=) 
X 10-=^ 

= 0.017 X 10-= 

Adding, 

Total correction = 4.2 X 10-® = 0.042 X 10-= 




C CAPACITOR DIAL READING 
C„ . C, u, C_. (6-7) 






GND 



Fig. 1-6 Equivalent Parallel Circuit 
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Principal term. 
Then 



-qJ 



9.42 X 10' X 23.95 
X 10 

V 253 297 ) 



^ 13.15 X UP''' 



G, 13.15 X 10-'' ~ 0.042 X 10 " 13.19 X 10 ' 

In this case tlie correction term in brackets w.is 
negligible. 

The correction for R„ is made by finding the 
equivalent lead conductance and subtracting this from 
G„ 

Gj, — Rd(oCj)- 

^ 0.0003 V'l50 (9.42 X 10" X 10.5 X 10~'=)' 

--- .359 X 10-" 

Corrected G, = 13.19 - 0.36 = 12.83 
The Q of the unknown condenser is: 

_ 'i.Cp __ 9ji2X 10' X 10.5 X_10 

“ G, 12.8'3 'X 10 ■ 

Using ht]uation 4 in Table Ill-l-a without any 
corrections yields: 

Q, = 724, an error of — 6(( • 



SECTION VI 
MAINTENANCE 

6.1 GENERAL. 

6.1.1 Because the BRC Type 190-A Q Meter is a 
precision-built, factory-calibrated instrument, field main- 
tenance of the equipment must be limited to certain 
practical operations if the accuracy of the instrument 
is to be retained. This is necessary because, in the field, 
certain laboratory test equipment and specially-con- 
structed calibrating instruments are generally unavail- 
able. 



NOTE: 

It is recommended that careful measurements be 
made, using a set of Boonton Radio Corp. Type 590-A 
inductors, as soon as the 190-A is placed in operation. 
The data may be filed as a reference standard for the 
individual Q Meter so that it will be available for 
comparison should calibration or other maintenance 
work on the instrument become necessary. At least one 
measurement of the appropriate Type 590-A inductor 
should be made near each end of each frequency band 
on the Q Meter, except that no measurement need be 
made near 20 or 260 me. 

6.1.2 It is the policy of the company to make available 
to its customers such service as is needed to maintain 
its product within specifications, as advertised, at a 
reasonable cost. If the accuracies of the Q Meter appear 



to be impaired it is recommended that the instrument 
be returned to the factor)'. M.iintenance operation be- 
yond the scope of this section should be referred to the 
factor). Some of the specific troubles requiring factory 
attention are listed in the following paragraphs. 

6.1.3 Factory Repair Operations. 

Repair, .idjustment or replacement of the items 
listed below require that the equipment be returned to 
the factory. 

( 1 , Oscillator coils (Figure VI-1). 

h. Oscillator turret assembly (Figure VI-1). 

c. Q Capacitor (Figure VI-1). 

d. Transmission line. 

6.2 REMOVING THE INSTRUMENT FROM ITS 
CABINET. 

Removal of the instrument from its cabinet is a 
simple procedure, but it must be done with care. 

Remove the nine screws at the two sides and bottom 
of the front panel, and the seven screws at the two sides 
and back of the top panel. The entire unit, including the 
top and front panels may now be lifted off, carefully 
turned over and placed on the bench. Access to the 
power supply may be obtained by removing the eight 
screws and ground post from the rear panel and remov- 
ing the panel. 

A cable terminated in an octal plug and a pair of 
generously long leads for the on-off power switch are 
the sole means of interconnection between the measur- 
ing circuits on the front panel and the power supply at 
the rear of the cabinet. 

6.3 REPLACEMENT OF TUBES. 

6.3.1 GENERAL. 

Any of the six electron tubes in the Type 190-A 
Q Meter can be replaced with unselected tubes with the 
exception of the Q voltmeter diode (V-103, type 
9005). If replacement of this tube becomes necessary 
a selected one should be obtained from the manufac- 
turer. 

When any tube, except the voltage reference tube 
(V-300, type OB2) is replaced, recalibration is re- 
quired to maintain full accuracy of the instrument. The 
procedures are described in this section. All components 
mentioned here are shown in Eigures VI-2 and VI-3. 

6.3.2 Replacement of Oscillator Tubes V-lOO and/or 
V-101 (Type 5718). 

a. Remove the four screws (Figure VI-2) holding 
the oscillator cover plate in place, and remove the 
oscillator cover plate. 

b. Unsolder the tube leads. The exact arrangement 
of these leads is shown in Figure (>-A. 

c. Carefully lift the tube(s) out of the oscillator 
compartment. 



— 18 — 




a CAPACITOR METER FREQ.. RANGE 

AND GEARING TURRET 



FIG. 1-1 Q CAPACITOR AND OSCILLATOR TURRET 



9 — 




BOONTON RADIO COMPANY 



d. Replace with new tubes and resolder all connec- 
lions. Make sure the new tubes are oriented in the 
same nianuer as those rt moved and that the leads are 
as short as [tossible. Use as little solder as possible, and 
avoid cold-soldered joints. 

t. Replace the oscillator cover plate and four 
icrcwb. 

/. Check the frequcncs dial calibration as de- 
scribed in 6.1.2. 

6.3.3 Replacement of Voltmeter Tubes 3^-102 and or 
V-103 (Type 9005). 

(7. Unsolder the leads connected to the pins around 
the periphery of tubes V-102 and/or V-103 (9005’s) 
shown in Figure VI-2 and remove the tube(s) from 
their supporting brackets. 

b. Replace with new tubes (in the case of V-103 a 
selected tube secured from the manufacturer) and 
resolder all connections. Make sure the new tubes are 
oriented in the same manner as those removed. Use as 
little solder as possible and avoid cold-soldered joints. 
Make all leads as short as possible. 

c. Check the voltmeter calibration as described 
in 6.4.3. 

6.3.4 Replacement of Amplifier Tube V-200 (Type 
12AT7) ; 

a. Remove the shield cover and pull out the tube 
(Figure VI-3); replacing it with an appropriate sub- 
stitute. 

b. Check the amplifier balance as described in 

6.4.1. 

6.3.5 Replacement of Voltage Regulator Tube Type 
V-300. 

To remove tube V-300 (OB2) shown in Figure 
VI-5, remove the nine screws attaching the back plate 
to the cabinet; remove the back plate. Remove the tube 
shield, pull cut the tube and replace it. No recalibra- 
tion is required when this tube is replaced. 

6.4 ADJUSTMENTS AND CALIBRATIONS. 

6.4.1 D-C Amplifier Balance Adjustment (R-208 Set- 
ting). 

The d-c amplifier balance potentiometer, R-208 
(Figure VI— 2) should be adjusted as follows when tube 
V-200, 12AT7, is changed. 

ti. .\llow the equipment to ssarm up for ten 
minutes. 

b. Locate resistors R-206 and R-210, the second 
and third resistors from the front (looking from the 
rear toward the front of the instrument) on the resistor 
board just above the calibrating potentiometer panel 
(Figure VI-3). Strap together the lugs at the ends of 



these two resistors which are nearest /be tube (V-200). 
This connects the two grids together. 

c. Turn the S1;T XQ knob fully counterclockwise 
to decrease the oscill.itor output to zero. 

d. Adjust potentiometer R-208 (left-hand shaft 
with rear of instrument facing observer) (Figure \T-2) 
for a zero meter indication. If the balance condition is 
beyond the range of the potentiometer, the tube sec- 
tions are too unbalanced for use in the instrument. 
Replace with another 12AT7 tube. 

e. Remove the strap between resistors R-206 and 
R-210. 

6.4.2 Oscillator Calibration (C-103 Adjustment). 

When either or both of the type 5718 oscillator 

tubes (V-100 and V-101) are changed, it is necessary 
to check the frequency. Such a tube change affects only 
the capacitance of the circuit, so recalibration is neces- 
sary on only one frequency band. 

A crystal calibrator with a 10 me crystal is required 
for this calibration. 

To calibrate the oscillator, proceed as follows: 

it. Remove the instrument from its cabinet. 

b. Turn on the 190-A and allow it to warm up 
fully. 

c. Connect the RF INPUT terminals of the crystal 
calibrator to the LO and GND terminals on top of the 
190- A. 

d. Set the crystal calibrator to 10 me. 

e. Turn the FREQ. RANGE switch on the 190-A 
to the second range (40-80 me). Set the MC DIAL to 
e-vactly 80 me. 

/. Adjust the SET XQ control on the Q Meter to 
1 on the XQ scale, with the XQ key operated. 

g. Slowly adjust trimmer capacitor C-103 (Figure 
6-2) until a zero beat is obtained. 

6.4.3 Calibration of Voltmeter Scales. 

When either of the diodes, V-102 or V-103, is 
replaced, the voltmeter scales should be recalibrated to 
maintain maximum accuracy. 

The following equipment is required: 

A 100 kc signal source, deli^•ering up to 4 volts 
with no more than 1/r distortion. The voltmeter by- 
passing is insufficient to use lower frequencies. If the 
100 kc signal source does not have a d-c resistance less 
than 10 k ohms, shunt it with a 10 k ohm resistor. 

AC vacuum-tube voltmeter, 0.01-100 volts, accu- 
racy at 100 kc over the entire scale. 

The test circuit to be used is illustrated in Figure 
\ 1-6, The procedure is as follows: 

General : 

a. Adjust the mechanical zero of the meter before 
the power is turned on. 
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b. Turn the power on and allow a warm up of at 
least 15 minutes. 

c. Balance the d-c amplifier as described in 6.4.1. 

d. Turn the SET XQ control fully counterclock- 
wise for zero oscillator output. 

e. Strap together the HI and GND terminals on 
top of the instrument and carefull)' zero the meter — 
remove the shorting strap. 

/. Set the Q capacitor at minimum. 

g. Connect the equipment as shown in the test 
circuit diagram (Figure VI-6). 

Q Voltmeter: 

Apply successively 4, 3, 2 and I volts, adjusting 
R-215 (Figure VI-2) to obtain the best overall accuracy 
of Q readings, which should be 400, 300, 200, and 100 
respectively. 

LO Q Voltmeter: 

With the LO Q switch depressed ajspi} succcssisely 
1.0, 0.8, 0.6 and 0.4 \olt, adjusting R-213 (Figure 
VI-2) to obtain the best overall accuracy of LO Q read- 
ings, w'hich should be 100, 80, 60 and 40, respective!)'. 

AQ Voltmeter: 

a. Apply 3.5 volts. 

b. With the aQ key operated, adjust the coarse 
and fine AQ BALANCE controls until the meter needle 
is zeroed on the aQ scale (full scale deflection). 



f. Depress the AQ key and apply successively 3.3, 
3.1, 2.9, 2.7 and 2.5 volts, adjusting R-214 (Figure 
VI-2) to obtain the best oserall accurac) of aQ read- 
ings. These readings should be 20, 40, 60, 80 and 100 , 
respectively. 

XQ Voltmeter: 

a. Unsolder the lug and resistor R-110, connected 
to the plate terminal of V-102 (9005) Figure 6-2. 
Connect the output of the test signal source between 
the diode plate lead and ground. 

b. Before a signal is applied, operate the XQ ke) 
and zero the needle of the Q voltmeter with the XQ 
zero potentiometer. 

c. Depress the XQ key, apply 1.0 volt from the 
signal source and adjust the R-216 (Figure VI-2) for 
an XQ reading of 1. 

d. Remove the signal source and resolder the open 
connection. 

6.5 POWER SUPPLY CHECK. 

A power supply check may be made if the equip- 
ment appears to be opicrating erratically and no other 
fault is apparent. All the important voltages may be 
conveniently checked between the pins of the power 
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TROUBLE SHOOTING CHART 




FIG. n-6 TEST CIRCUIT FOR CALIBRATION OF 
VOLTMETER SCALES 



supply connecting plug .ind ground. If all are within 
the limits specified below, the power supply is operat- 



ing properly. 



TEST 


MEASURED AT 


Regulated 
dc voltage 


Pin 8 


High e(c 
voltage 


Pin 7 


Ripple on 
high dc 


Pin 7 


Diode fil. 
voltage 


Pin 3 


Other fil. 
voltage 


Pin 1 



VALUE 


TOLERANCE 


107 V dc 


-Alv 


200 V dc 


±10v 


50 mv .1C, 


max. 


6.0 v ac 


a_0.6v 


6.3 V ac 


rlcO.fiv 



Symptom 

No meter indication of 
any kind. 

No meter indication other 
than that caused by 
s arying the Q zero, XQ 
zero, and JiQ balance 
controls. 



Inijiossible to set zero 
properly with Q zero 
or XQ zero controls. 
No Q reading, but XQ 
reading satisfactory. 



No XQ reading, but Q 
reading satisfactory. 

Impossible to obtain full- 
scale re.iding (0.5) on 
XQ scale over fre- 
quency range, with XQ 
control advanced to 
ma.ximum position. 

Irregular or erratic read- 
ings on Q, XQ, LO Q, 
and / or aQ scales. 



If above occurs on Q scale 
only. 

If above occurs on XQ 
scale oniv. 



If aboic occurs on aQ 
scale onU. 

If abus e occurs on L(f) Q 
scale only. 



Possible Couse 

V-200 (12 AT?) d-c volt- 
meter amplifier faulty. 

Switch failure (panel spring 
retained) Meter failure. 

V-200 (12 AT?) d-c volt- 
meter amplifier faulty. 

V-102 and/or V-103 (9005) 
XQ and Q diodes f.iulty. 

V-100 and/or V-101 (5?18) 
oscillator tubes faulty. 

Oscillator coil open. 

V-200 (12 AT?) d-c volt- 
meter amplifier faulty. 

Q voltmeter diode inopera- 
tive. 

Q capacitor (or circuitry) 
shorted. Transmission line 
open (return to factory). 

Switch failure. 

V-102 (9005) XQ diode 
faulty. 

Switch failure. 

V-100 and/or V-101 (5718) 
oscillator tube(s) faulty. 

(Oscillator coil open. 



Dirty contacts or loose wip- 
ers on potentiometers or 
key switches. If this oc- 
curs on ail scales, suspect 
R-208 plus any of those 
listed below. 

Check R-202 (Q Zero), 
R-215, (Q cal.), S-200, 
S-201, S-202. 

Check R-200 (XQ zero), 
R-2I6, (XQ cal.), R-223 
(ShT XQ), S-200, S-201, 
S-202. 

(-heck R-20 i (coarse, AQ 
BAI.ANX.I ) R-205 (fine 

aQ bai..\nci:), r 2M. 

(AQ cal.), S-201, S-202. 
Eliminate S-200, S-201, and 
R-215 from suspicii^n; 
for Q scale, above, plus 
check all other items listed 
R-213 (L(9 Q cal.). 



Instruments Required: 

DC vol'mieter, 0-250 volts, n; 2'}. 1000 ohm v or 
more. 

AC vacuum tube voltmeter, 0.01-100 volts Ac 2C. 

6.6 TROUBLE SHOOTING. 

General: 

Due to the electrical simplicity of its circiiitrv, 
trouble shooting the Model 190-A is norm.illv a 
straight-forward operation. The use of conventional 
continuity-checking methods, employing an ohnimeter 
.uul referring to the schematic diagram (I'igure I\' -2), 
usu.tlly will revtMl the source of the trouble. 

\ few of the troubles which might occur .ire given 
below, in terms of external operating symptoms to- 
gether with the probable cause of the trouble. It should 
not be overlooked, however, that in addition to possible 
causes given in the chart, any of the troubles listed 
might be due to defective resistors, c.ipacitors or other 
electrical components. 
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ELECTRICAL COMPONENTS 
R-F SECTION 



Circuit 

Symbol 


Value 


Description 


BRC 
Pan No. 


C-100 


0.001 /xf 


Capacitor, fixed: ±10%; 500V 


82310 


C-lOl.C-102 


5 


Capacitor, fixed: ±0.25 /x/xf; 500V 


82003 


C-103 


0.3 - 3 


Capacitor, variable: Pyrex Tubular 


84088 


C-104A 




Capacitor, variable 


Special 


C-104B 




Capacitor, variable 


Special 


C-105 


0.001 /xf 


Capacitor, fixed: +809& —20%; 600V 


82306 


C-106,C-107 


0.001 /xf 


Capacitor, fixed: ±10%; 500V 


82310 


C-108 




Capacitor, variable 


Special 


C-109,C-110 


0.001 /xf 


Capacitor, fixed: ±10%; 500V 


82310 


C-111,C-112 


2 /x/xf 


Capacitor, fixed: ±0.25 /x/xf; 500V 


82002 


C-113 


1500 /x/xf 


Capacitor, fixed: ±20%; 500V 


82318 


C-114 


1000 /x/xi 


Capacitor, fixed: ±10%; 500V 


82307 


L-lOO 


0.295 /xh 


Coil, Radio Frequency 


300824 


L-101 


0.001 /xh 


Coil, Radio Frequency 


300931 


L-102 


0.09 /xh 


Coil, Radio Frequency 


300825 


L-103 


1.3 /xh 


Coil, Radio Frequency 


300823 


L-104 


0.0028 /xh 


Coil, Radio Frequency 


300827 


R-100,R-101 


22 kn 


Resistor, fixed: ±5%; V 2 W 


80472 


R-102-R-105 


330 n 


Resistor, fixed: ±5%; V 2 W 


80172 


R-106 


15X1 


Resistor, fixed: ±5%; 1 / 2 W 


80011 


R-107,R-108 


1 kn 


Resistor, fixed: ±5%; '/ 2 W 


80148 


R-109 


15 XI 


Resistor, fixed: ±5%; ’/iW 


80011 


R-110 


100X1 


Resistor, fixed: ±5%>; V 2 W 


80062 


R-111 


470X1 


Resistor, fixed: ±5%; I/ 2 W 


80170 


S-100 




Frequency range turret 


Special 


S-101 




Micro Switch 


301076 


V-100,V-101 




Tube: 5718 




V-102 




Tube: selected 9005 


537B 


V-103 




Tube: selected 9005 


537A 






Voltmeter Section 




C-200,C-201 


0.01 /xf 


Capacitor, fiseil: -‘-80%' —20%; 6 OOV 


82428 


M-200 




Meter: Q Voltmeter 


30716^ 


R-200 


3kXl 


Resistor, s’ariable; ±10^;'(,; 4 \\' 


81210 


R-201 


150 kXl 


Resistor, fixed: :ir5%; VliW 


80564 


R-202 


3kn 


Resistor, s’arlablt: ±107c', 4\V' 


81210 


R-203 


4kn 


Resistor, fixed: ±5%; 5W 


80261 
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ELECTRICAL COMPONENTS 



R-F SECTION 



Cin uic 
Syiuliol 






BRC 
P.irt iNo. 


R- 20 T, R-205 


200 n, i 5 n 


Resibtor. v.iriuhlf: ,r:. lO^r; .3W, dual 


81212 


R-206 


I'O kn 


Resistor, fi.xed: 50; •, OW 


80640 


R-io:^ 


2.2 ka 


Resistor, fi.xcd: 5^7; ' /W 


80256 


R-2(KS 


3 k<) 


Resistor, \ari.ible: 1:100; 2W 


81211 


R-209 


2.2 k(i 


Resistor, fixed: OW 


80256 


R-210 


10 kO 


Resistor, fixed: : 5f < ; ' iW 


80361 


R-21 l.R-212 


6.8 Meg a 


Resistor, fixed: r_:50; ' 2 W 


80642 


R-21.AR-214 


3 kO 


Resistor, variable: ilzlO'lf; 2W 


81211 


R-215 


10 kll 


Resistor, variable: rsAO'/f', 2W 


81330 


R -216 


7..5 kll 


Resistor, variable: hW'/c; 2W 


81307 


R-217 


4A kll 


Resistor, fixed: r.v lOc’; ! aW 


80352 


R-218 


6.3 k!l 


Resistor, fixed: ::-lff; ' .;W 


80353 


R-219 


37 kP. 


Resistor, fixed: * l'''f; ' aW 


80355 


R-220 


14 kP 


Resistor, fixed: ±:l':f; ! iW 


80354 


R-222 


470 P 


Resistor, fixed: r:596; 2W 


80123 


R-223 


20 kP 


Resistor, variable: -—1094.; 4W 


81419 


S-200A,B,C 




Switch, lever: "XQ” 


301072 


S-201A,B,C 




Switch, lever: "/7Q” 


301072 


S-202 




Switch, lever: "LOQ” 


301071 


V-200 




Tube: selected 12AT7 


5 38 A 






Power Supply 




C-300 


60 Il f 


Capacitor, fixed: 300V, insukited 


83100 


0301,0302 


60 /if 


Capacitor, fixed: 300V 


83048 


CR-300,CR-301 


100 MA 


Rectifier, selenium 


300316 


F-300,F-301 


,75-A 


Fuse; type 3AG 


95011 


1-300 


6.3V,0.15 A 


Lamp, incandescent 


90904 


J-300 




Connector, female: 8-contact 


89047 


L-300 


5 H 


Choke, filter 


85412 


P-300 




Connector, male: 8-contact 


94148 


R-300 


75 P 


Resistor, fixed: —59c; 5W 


80063 


R-301 


2k P 


Resistor, fixed: -v59r; 5W 


80210 


S -300 




Switch, toggle 


88059 


T-300 




Transformer, filament 


301067 


V-300 




Tube: OB2 




VR-300 




V'oltage regulator 


S5028 
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POWER SUPPLY 












I'Alll.K OK IlKlM ArKAIU.K t’AU'I'S 



Hil. 

Ut^si'niuitor 


III’ Pari No. 


TQ 




l)cst'.i'i))tion 


Mil'. 


Mil. I’ailNo. 


■ ■ ClOO 


(IKiO-O KIO 


1 




C 


Ixd mica lOOOpK 10'( 500 vdew 


18796 


651-006 


;■ ClOl 


OlliO-0182 


•> 




C 


Ixd cer 5pF 5'.i 500 vdew 


00656 


t'N-I 


; . CU02 


011)0-0182 






C 


Ixd I'or 5pF 5'.; 500 vdew 


00656 


t'N-1 


CKIU 


0121-0072 


1 




C 


var glass 0.5-3pF 600 vdew 


06-186 


olxl 


ClOl 


00l!)0-li0023 


0 




Capacitor Assembly ( referonee only - NRFR) 


28480 


00190-60023 


' V. C105 


lIloO-OOOO 


1 




c: 


Ixd oor lOOOpF iiOO vdew 


28480 


0 1 50-001X) 


CMO() 


01C0-0733 


1 




(' 


I'xd mica lOOOpF lO'.i, 500 vdew 


18796 


655-000-01 AO 102K 


: C107 


0100-0 111) , 


1 




C 


Ixd eer lOOOpF 500 V stud mtg 


01121 


555D-102W' 


CIOS 


0011)0-00000 


1 




c 


i])aeitor Assembly, tj-capaeitor (reference 


28480 


00190-60006 












only - NRFR) 






CIO!) 


0100-0 I2S 


•y 




c 


i'xd mica lOOOpF 10';' ;)00 vdew 


187 *96 


652-005 


cno 


0100-0 12S 


I 


c 


fxd mica lOOOpF 10',' GOO vdew 


187 '96 


652-005 


cm 


0100-0181 






c 


Ixd oer 2.0pF 20'; 500 vdew 


00656 


ON- 1 


■ Cl 12 


OlOO-OlSl 






c 


f.xd eer 2.0pF 20'/ 500 vdew 


00656 


CN-1 


Cl 13 


0100-0734 


2 




c 


fxd cer fdchru fGOOpF 500 vdew 


0'9769 


362X5U152M 


■ Cll-1 


0100-0734 






e 


fxd cer fdthru IGOOpF 500 vdew 


09769 


362X5U152M 


' , C115 


0100-3503 


1 




c 


fxd cer O.GpF 10*/ 100 vdew 






C200 


0100-0902 


2 




c 


fxd cer O.OlpF 150V 


715'90 


48-003A (type DAC) 


= C201 


0100-0992 






c 


fxd eer O.OIpF 450V 


71590 


48-003A (ty)Je DAC) 


C300 


0180-0240 


3 




c 


fxd electrolytic alum 


50289 


TVL1570 


C301 


0130-0240 






c 


fxd electrolytic alum 


56289 


TVL1570 


C302 


0180-0246 






c 


fxd electrolytic alum 


56289 


TVL1570 


CUlOl 


1901-0518 


1 




Diode: Hot Carrier, replaces V102 after serial 
















number 2535 


28480 


1901-0518 


CU300 


1901-0029 


2 




Diode: SI GOO PIV 0.75A 


04713 


SR- 1358- 10 


CR301 


1901-0029 






Diode: SI 600 PIV 0.75A 


04713 


SR- 1358- 10 


K300 


2110-0019 


1 




Fuse: 0.4A 125V slow blow (230V operation) 


71400 


MDL 4/10 


F300 


2110-0020 


1 




Fuse: 0.8A 125V slow blow (113V operation) 


71400 


MDL 8/10 


1300 


2140-0009 


1 




Lamp: incandescent No. 47 6.3V .15mA 


13688 


47 


J300 


1200-0002 


1 




Socket: tube (used as connector) 


91662 


04-813-09 


J301 


1251-0148 


1 




Connector: ac power 3 pin receptacle 


87930 


1065-1 


LlOO 


00190-60039 


1 




Coil: range 1, 11-1/2 turns 28AWG 


28480 


00190-60039 


LlOl 


00190-00040 


1 




Coil: range II, 5-1/2 turns 22AWG 


28480 


00190-60040 


L102 


00190-60041 


1 




Coll: range III, 2-1/2 turns 20AWG 


28480 


00190-60041 


L103 


00190-80001 


1 




Coll: range IV, 1/2 turn 1/4" radius 18AWG 


28480 


00190-80001 


; Lio-i 


00190-80003 


2 




Coil: pickup, 1 turn 3/8" radius I8AWG 


28480 


00190-80003 


L300 


9110-0089 


1 




Choke: t'iltcr 5H2 at 75niA 200 ohm dcr 


73886 


24913 


M200 


1120-0330 


1 




Meter: scale 


55026 


olxl 


P300 


1251-0434 


1 




Connector: plug ac power 3 pin receptacle 


74808 


86PM8-11 


RlOO 


0686-2235 


2 




R 


fxd comp 22K 5% l/2w 


01121 


EB2235 


RlOl 


0686-2235 






R 


fxd comp 22K 5'/j l/2w 


01121 


EB2235 


1U02 


0686-3315 


5 




R: [xd comp 330 ohm 5% l/2\v 


01121 


EB3315 


11103 


0686-3315 






R 


fxd comp 330 ohm 5l l/2w 


01121 


EB3315 


RlOl 


0086-3315 






R 


fxd comp 330 ohm TfL l/2w 


01121 


EB3315 


R105 


0686-3315 






R 


fxd comp 330 ohm S'/ l/2w 


01121 


EB.3315 


«R10(i 


0686-1505 


0 




R 


fxd 15 ohm b^,'o l/2w 


01121 


EB1305 


IU07 


0686-1025 


2 




R 


fxd comp IK 3% l/2w 


01121 


EB1023 


. RIOS 


0686-1025 






R 


fxd comp IK 5 'a 1/2w 


01121 


EB1023 


■IU09 


0686-3315 






R 


fxd comp 330 ohm o'/ l/2w 


01121 


EB3315 


RllO 


0686-1015 


1 




R 


fxd comp 100 ohm 5'/, l/2w 


01121 


EB1015 


Rill 


0686-4715 


1 




R 


fxd 470 ohm 5‘t l/2w 


01121 


EB4715 


R200 


2100-0848 


2 




R 


\ar ww 3K 10'/ 4w 


71450 


series 25 


R201 


0758-0061 


1 




U 


fxd met flm 120 Kohm ,r 5*!; 






R202 


2100-0848 






K 


var ww 3K ±10',' 4w 


71450 


series 25 


R203 , 


0812-0068 


1 




R 


fxd ww 4000 ohm -r/i 7W 


56289 


obd 


R204 


2100-0840 


‘) 




R 


var 200 ohm 


126'97 


type 58 


R205 


2100-0840 






R 


\ ar 200 ohm 


12697 


tyix; 58 


R2lJ’(i 


0686-47 15 ' 


4 




R 


fxd comp 47 OK ±5'/, l/ 2 w 


01121 


KB4743 


U207 


0686-2225 


2 




R 


fxd comp 2.2K 5% l/2w 


01121 


EB2225 


R208 


2100-0829 


3 




R 


var 3K ±10'( 2 w 


126'97 


series 43 


R209 


0686-2225 






R 


fxd comp 2.ZK 5'i, l/2w 


01121 


LB2225 



l Alll.l. Ill' Ki:i I.Al'l-AliU': I'AUTS- 



■.llel'. 

llcsigiulor 


Ill' IMil Nil. 


1 <) 




I)( .‘»r I'ipluiii 


MU'. 


Mir. I’arl .No. 


k:ilO 




1 




K 


l.\(l lOK I/-VV 


(1 1 131 


EBIO'!.'. 


H-^’l 1 








1 ! 


Isd li.S.M',. 1 / 2 W 


0 1 l'3l 


1 *. 1 i ( i 1 r» 


iliiii; 








K 


l.sil 6 >,\|0 iiv; l.' 2 s 


0 1 121 


KB 6 .S.',;. 


UliKi 


:: 100 iK ^.'0 






li 


\ :ti' .IK ■■ 16' . 2\\ 


126'.)7 


ficru’ci lo 


tl.'U 1 


2100 (KSU'.I 






It 


v.'ir 3K 16', .'.w 


1 2607 


series 13 




I'.JOO-'O.SLlrt 


1 




It 


\:\v IDK . 10', 7 , 


1 2 (. 0 i 


-.ciie.s 13 


kiUi 


21im O)S III 


1 




l( 


\:\v ( .)K 10 ', ‘J.W 


1 J(i07 


.Sffu'S 4^1 




OSH -o.'i'io 


1 




It 


1 \d 1 106 ohm 1''' l/2\V 


(iVO.ss 


I'.l’-OO 


Rdl.s 


Ofill (l.!:)l 


1 




It 


l \d 63(10 ohm - 1' , i,' 2\v 


070.8.1 


i:i>09 


itjni 


OmJ I 03.i3 






It 


l.id :’,7K : I'l l/'2\v 


070.S.S 


I-;;’ (/ 1 




OSIJ (13. )2 


1 




It 


iMl 1 IK 1', l/2wq 


0V0'>s 


El- 00 


itaai 
















u:i22 


0(>!)2- 17 ir. 


1 




It 


l\d 170 ohm j-3'i' 2w 


01 121 


IIH-1715 


U22U 


2100-0tiU 


I 




It 


var 20K 1 Kl'j 4w 


1 2607 


scries 10 


R224 


07. >8 -00 JO 


i 




U 


t.vd met Clm 300 ohm -ii',; l/4w 


I 1674 


c:> 


labo 


0,S12-()0(>7 


1 




It 


f.\d ww 75 ohm ■ 5'( 7w 


..6280 


I.-.4E7.305 


liaoi 


0,812-0000 


1 




It; l'.\d ww 2000 ohm i.5'i 7w 


,■.6289 


4.54E20'2J 


sibo 


00100-00037 


1 




Tiii'rel Assomlilv (reference only - includes 
















LlOO- 1.103, 1U02-U105) 


2.S480 


06J90-60037 


SlOl 


3 102-00 1.‘) 


1 




SwiU'h: .5A 125-230 Vac (sensitivity) 


82389 


olxl 


8200A.ac 


3100-0707 


6 




Swilch; lever 


72663 


olxl 


8201A.B.C 


3 100-0707 






.Switch; lever 


72663 


oIkI 


“S202 


3100 0708 


1 




Switch: lever 


72663 


l\ix' MCT-1 


^00 


OlOl-OOO.I 


n 




SwiU'h: toggle DPEfl’ HA 125V 


04009 


81027-CEJ 


ssai 


3101-0034 


H 




Swilch; slide 115/230V power 


82389 


11E-1006A 


T300 


0100-02.06 


H 




Transformer; G.3V 0.75A, 6.0V at 0.33A 


73886 


22578 


VI 00 


1021-0011 


2 




Tube: electron submin Iriodo 5718 


86684 


olxl 


VlOl 


1021-0011 






Tube: electron sul)niin triode 5718 


86684 


olxl 


♦V102 


1020-0011 


0 




Tube: electron ( selected 0005 ) 


86684 


obd 


«i03 


1020-0000 


1 




Tube: electron 6023/EA52 


73445 


692;1/EA52 


♦VI 03 


00190-80004 


0 




Tube: electron (selected 9005) 


28480 


001'JO-80004 


V200 


1032-0027 


1 




Tube: electron 12AT7 


24972 


olxl 


V300 


1040-0007 


1 




Tube: electron (01)2) 


86684 


olxl 


VR300 


0100-026.'; 


1 




Stabiliser: voltage, for 190A ( 60 II 2 operation) 


00159 


T-l-31370 


VU300 


0100-0276 


1 




Stabilizer: voltage, for 190A-AP(50Hz operation] 




T- 1-47017 


XF300 


1400-0084 


1 




Holder: fuse 


75915 


3 120 14 


XI 300 


14f)0-0000 


1 




Holder: lamp 


72619 


.502-8140-2131-100 


Xv^oo 


1200-0010 


1 




Socket: tube 


71785 


121-39-22-011 


XV300 


1200-004, j 


1 




Socket; tube 


71785 


1 13-43-12-0.56 


V ' 










AflSCELLANEOUS 








0370-0023 


1 




Knoll, AQ BALANCE 


28480 


0370-0023 




0370-0020 


1 




Knoll, SET XQ 


28480 


0370-0029 




0370-0038 


1 




Knob, frequency control 


28480 


0370-0038 




0370-0004 


1 




Knoll, Q zero 


28480 


0370-0094 




0370-0005 


1 




Knob, X zero 


28480 


0370-0095 




0370-0141 


1 




Knob, Q capacitor control 


28480 


0370-0141 




00100-20057 


1 




Fiducial, MMED dial 


28480 


00190--20057 




00190-20058 


1 




Fiducial, MC dial 


2.8480 


00190-20058 


o;-' . 


00100-(i0054 


1 




Dial Knob Assembly - FREQ 


28480 


00190-60054 


- 


00100-60055 


1 


- 


Dial Knob Assembly - MMFD 


28480 


00190-60055 



♦' Not used al'lci' Sei’inl Niimbei’ 25dr> 



3 




















